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ABSTRACT 

The  aim  of  the  work  is  development  of  technology  of  adsorptive,  catalytical-  chemisorptive  purification  of  gas 
emissions  from  sulfur  dioxide  with  simultaneous  separation  of  sulfonic  acids  and  sulfoxides  as  reaction  products.  For 
this  research,  the  fractions  of  non-perforated  cenospheres  from  the  combustion  of  coal  of  Ekibastuz  field  (Kazakhstan)  at 
the  Almaty  TPP-2  (Kazakhstan)  have  been  applied.  The  method  of  microspherical  sorbent  obtaining  from  technogenic 
aluminosilicate  raw  material  -  energetic  ash  of  Almaty  TPP-2  has  been  elaborated.  The  aluminosilicate  composite  was 
studied  after  modification  in  the  process  of  SO^  oxidation  by  the  oxygen  in  stationary  conditions  in  aqueous  solution,  in 
the  kinetic  mode  and  in  the  temperature  range  of  40-60°C.  The  conditions  of  selective  oxidation  of  S02  (100  %)  to  give 
the  sulfuric  acid  as  a  product  were  optimized.  The  catalysts  elaborated  were  tested  in  the  process  of  treatment  of  gases 
from  S02  at  a  pilot  vortex  stirrer  on  the  model  gas  mixtures  SOj-Ar  with  a  content  of  S02up  to  1.0  %  vol.  The  results 
obtained  have  demonstrated  that  degree  of  S02  removal  reached  87-95%.  The  structure  and  composition  of  the  obtained 
microspherical  composite  is  studied.  The  iron  nanostructural  distribution  in  aluminosilicate  is  proved  with  the  help  of 
different  research  methods:  IR-  and  EPR-spectroscopy,  X-ray  diffraction,  SEM,  elemental  and  Chemical  analysis. 
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1.  INTRODUCTION 

The  development  of  fuel  and  energy  complex  envisages  substantial  growth  of  a  share  of  production  of 
electrical  energy  at  the  cost  of  solid  fuel  burning  at  the  thermal  power  plant  (TPP),  that  necessarily  will  lead  to 
formation  and  accumulation  of  the  significant  mass  of  wastes  of  ash  and  slag  (Vuthaluru  et  al.,  1996;  Gupta,  et  al., 
2007;  Tulepov  et  al.,  2019;  Sassykova  et  al.,  2019).  From  solid  fuel  burning  at  the  TPP,  it  is  annually  appeared  over 
100  million  ton  of  bottom-ash  wastes  which  are  accumulated  in  dumps.  The  total  area  of  the  land  occupied  under 
dumps  compounds  ca.  35,000  hectares  (Rubio  et  al.,  2010;  Tashmukhambetova  et  al.,  2017;  Ponomarenko  et  al., 
2017).  Over  1.5  billion  tons  of  bottom-ash  wastes  are  warehoused  at  the  TPP  ash  dumps,  and  the  level  of  their  use 
compounds  10-15  %  that  is  significant  below  than  use  level  in  the  developed  countries.  In  this  connection,  the 
problem  of  a  utilization  of  ash  and  slag  of  the  TPP  working  on  solid  fuel  is  very  actual.  Results  of  our  researches 
(Kairbekov  et  al.,  2015;  Yemelyanova  et  ak,  2015;  Zaripova  et  ak,  2015;  Yemelyanova  et  ak,  2013),  in  Kazakhstan 
(Sassykova  et  ak,  2018;  Baiseitov  et  ak,  2017;  Tuktin  et  ak,  2019;Rakhimova  et  ak,  2017)  and  abroad  (Prokopev,  et 
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al.,  2016;  Sasi,  T.,  et  al.,  2018;  Vereshchagina  et  al.,  2004;  Anshits  et  al.,  2001;  Zinoviev  et  al.,  2016;  Fomenko  et  al., 
1998;  Abotsi  et  al.,  1996)  demonstrated  that  a  row  of  the  components  possessing  valuable,  in  many  cases  unique 
technological  properties,  allow  using  them  effectively  in  many  modern  technology  contains  in  fly  ash  of  TPP.  These  are 
aluminosilicate  hollow  microspheres  (AHM),  magnetite  microbeads,  the  unburnt  carbonic  particles,  ferrosilicon  and 
carbonate  microspheres  (Maloletnev  et  al.,  2015;  Gabdrashova  et  al.,  2018;  Tulepov  et  al.,  2018).  AHM  are  formed  as  a 
part  of  fly  ash  at  coals  burning  as  a  result  of  fusion  of  mineral  components,  the  subsequent  granulation  of  a  melt  on 
separate  smallest  drips  in  a  gas  stream  and  its  inflation  for  the  account  of  gaseous  inclusions  volume  augmentation.  The 
main  component  of  ash  and  slag  is  silicon  oxide  Si02  (45-60%),  followed  by  alumina  A1203  (15-25%),  iron  oxides  Fe203 
(5-15%),  calcium  oxide  CaO  (1.5-4. 5%),  potassium  oxide  K20  (2. 0-4. 5%)  and  some  other  oxides,  the  content  of  which 
usually  does  not  exceed  1%.  Thanks  to  the  correct  spherical  shape  and  low  density  microspheres  possess  properties  of 
perfect  filler  in  the  most  diverse  products.  In  terms  of  their  properties,  AHM  from  ash  of  coal  TPP  are  close  to  the  hollow 
microspheres  made  by  special  industrial  methods  from  melts  of  natural  or  artificial  materials,  and  used  in  the  quality  of 
excipients  of  various  composite  materials  (Maloletnev  et  al.,  2013;Wang  et  al.,  2002;  Baiseitov  et  ak,  2016).  However, 
scales  of  production  of  hollow  microspheres  are  restricted  because  of  the  complicated  technology  and  the  high  cost.  The 
cost  of  hollow  microspheres  separated  from  ash  with  industrial  expedients  is  significant  below  than  industrial,  and  their 
“production”  at  the  TPP  is  valued  by  tens  thousand  tons  a  year. 

Ash  dumps  of  coal  combined  heat  and  power  plants  can  be  considered  as  deposits,  if  it  or  the  components 
containing  in  it  are  suitable  for  economically  feasible  and  environmentally  safe  industrial  use.  The  material  of  ash  dumps 
(“mineral  wealth”)  for  all  these  characteristics  should  not  be  inferior  to  the  traditionally  used  raw  materials,  and  its 
development  -  have  to  justify  investment  in  the  organization  of  producing  (Itoh  et  ak,  1984;  Aubakirov  et  al.,  2017; 
Tanimoto  et  ak,  1998).  The  organization  of  large-scale  extraction  and  widespread  introduction  into  the  production  of 
AHM,  magnetite  microbeads  are  hampered  by  the  lack  of  systematic  data  on  their  composition,  physical  and  technological 
properties. 

The  aim  of  the  work  was  to  elaborate  the  technology  of  adsorptive,  catalytical-chemisorptive  purification  of  gas 
emissions  from  sulfur  dioxide  with  simultaneous  separation  of  sulfonic  acids  and  sulfoxides  as  reaction  products  by  using. 
For  this  research,  the  fractions  of  non-perforated  cenospheres  from  the  combustion  of  coal  of  Ekibastuz  field  (Kazakhstan) 
at  the  Almaty  TPP-2  (Kazakhstan)  have  been  applied. 

2.  EXPERIMENTAL 

Fractions  of  non-perforated  cenospheres  from  the  combustion  of  coal  of  Ekibastuz  field  (Kazakhstan)  at  the 
Almaty  TPP-2  (Kazakhstan)  with  an  aluminosilicate  module  Si02/Al203  =  3.2  and  an  iron  content  of  3.03-3.67  wt.%  in 
Fe203  (Table  1)  have  been  applied.  Such  a  composition  of  the  cenospheres  is  preferable  for  the  crystallization  of  zeolite 
NaP  with  a  gismondine  type  framework.  Ekibastuz  coal  basin  on  the  territory  of  Kazakhstan  is  one  of  the  most  significant 
by  reserves  and  ranks  first  in  the  world  in  terms  of  coal  density:  on  the  area  of  62  square  kilometres,  the  coal  reserves  are 
estimated  at  13  billion  tons  or  200  tons  per  square  meter.  It  is  one  of  the  most  promising  coal  basin  in  the  world  by  open-pit 
coal  mining  (Tulepov  et  ak,  2019).  The  main  consumers  of  coal  from  this  basin  are  in  the  Urals  and  in  the  Republic  of 
Kazakhstan. 

The  Figure  1  shows  the  external  appearance  and  wall  cross-section  of  the  non-perforated  cenospheres  of  the  - 
0.18+0.08  mm  fraction. 
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Table  1:  Properties  of  Cenospheres  Fractions,  used  for  Research 


Sample 

Fraction, 

mm 

Macrocomponent 
Composition,  wt.  % 

Si02/Al203, 
wt  % 

Crystalline  phase,  wt.  % 

Glass 

phase 

Sbet? 

m2/g 

Si02 

ai2o3 

Fe203 

quartz 

mullite 

calcite 

T-3.2 

-0.18+0.08 

67.60 

20.95 

3.03 

3.2 

3.4 

0.8 

0.5 

95.4 

125 

H-3.2 

-0.18+0.08 

66.50 

20.71 

3.67 

3.2 

n.  d.* 

n.  d.* 

n.  d.* 

n.  d.* 

125 

*n.  d.  -  not  determined 


(a)  (b) 

Figure  1:  External  Appearance  (a)  and  Cross-Section  (b)  of  the  Fraction  Wall  of  the 
Non-Perforated  Cenosphere  -0.18+0.08  mm  (Sample  T-3.2) 


The  Table  2  summarizes  the  optimal  results  of  the  production  of  zeolites  on  the  basis  of  cenospheres  and  their 
phase  composition  of  the  obtained  zeolites. 


Table  2:  Effect  of  the  Processing  Conditions  on  the  Process  of 
Zeolitization  of  the  Cenospheres  in  the  Static  Conditions 


No  of  a  sample 

t,  °C 

CNaom  mol/1 

T,  hour 

SSD,  m2/g 

Phase  composition 

1 

32 

- 

- 

- 

Amorphous  glass  phase,  quartz 

2 

45 

2.5 

72 

1.2 

Amorphous  glass  phase,  quartz 

3 

80 

4.4 

80 

194 

NaX,  NaA,  NaPl 

4 

100 

1.0 

72 

37 

NaPl 

5 

100 

2.5 

72 

63 

NaX,  NaPl 

6 

180 

1.0 

24 

58 

NaPl 

In  this  work,  the  phase  composition  of  aluminosilicate  microspheres  (cenospheres)  was  determined  using  the 
Rietveld  refinement  on  a  powder  x-Ray  diffractometer  Ultima  IV  (Rigaki)  with  a  solid-state  detector  and  two-position 
graphite  monochromator  for  CuKa  radiation  (X  =  0.15406  nm),  generator  power  -  40  kV  and  40  mA,  measurement 
interval  (20);  10-70°,  scanning  speed  -  4°  min'1.  The  cenospheres  shell  structure  was  studied  using  a  Scanning  Electron 
Microscope  of  Hitachi  High-Technologies  Corporation,  S-2400  with  an  accelerating  voltage  15  kV.  The  cenospheres 
specific  surface  area  was  calculated  from  the  total  isotherms  of  low-temperature  nitrogen  adsorption  by  the  BET  method 
measured  on  the  device  Bell  SORP  (Bell  Japan  Inc.).  Elemental  and  chemical  analysis  was  performed  using  an  x-ray 
fluorescence  spectrometer  Thermo  Fisher  Scientific  K/K/  Flash  EAl  1 12. 

The  kinetics  of  oxidation  of  sodium  sulfite  with  oxygen  was  studied  in  the  stationary  conditions  using  a  glass  non- 
gradient  thermostatic  reactor  of  the  “duck”  type  equipped  with  a  potentiometric  device.  The  kinetic  mode  was  provided  by 
intensive  shaking  of  the  reactor  (300-400  swings  per  min.),  the  volume  of  the  liquid  phase  was  not  more  than  40  cm3,  with 
a  total  reactor  volume  180  cm3.  The  reaction  rate  was  monitored  by  the  oxygen  absorption  from  the  thermostatic  burette 


www.tjprc.ors 


SCOPUS  lndexed  Journal 


editor@tjprc.  org 


1030  V.  S.  Yemelyanova,  B.  T.  Dossumova,  T.  V.  Shakiyeva, 

L.  R.  Sassykova  &  S.Sendilvelan 

connected  to  the  reactor.  For  the  classification  of  fly  ash  from  coal  combustion,  a  column  pulsation  apparatus  with 
pneumatic  pulsators  and  swirling  partitions  has  been  applied  in  the  experiments.  The  distance  between  the  partitions  was 
80  mm,  and  the  cross-section  wet  area  of  the  ajutage  was  30  %.  The  rate  of  upward  flow  of  the  water  was  0.005  m/s,  an 
amplitude  of  pulsation  was  kept  within  5  mm.  The  pulsations  frequency  was  varied  within  the  relationships  density/specific 
surface  area  which  are  inherent  to  the  two  non-magnetic  products  (quartz  sand  and  y-AFOs).  In  this  case  0.2-5. 0  imp ./  min. 
at  the  bottom  of  the  column  there  is  an  annular  electromagnet  providing  the  required  range  of  magnetic  field  intensity  in 
the  upstream  section  (1,000  G).  The  efficiency  of  the  process  was  evaluated  by  the  results  of  X-ray  phase  analysis  and  by 
means  of  visual  control  of  quality  of  the  selected  products  using  a  microscope. 

The  fly  ash  suspension  was  introduced  through  the  funnel  to  the  level  of  0.1;  0.2;  1.0;  1.5;  1.6  m  in  height  of  the 
upward  flow.  The  flushing  water  was  supplied  through  the  lower  tubulure  of  the  column  apparatus  in  the  zone  of  the 
pulsation  chamber.  The  output  of  hollow  microspheres  was  determined  after  deposition  of  the  suspension  of  column  upper 
discharge  in  the  sump.  Depending  on  the  input  level  of  the  initial  suspension,  the  output  of  hollow  microspheres  was  51, 
82,  84,  88,  89  and  88  %,  respectively. 

To  study  the  kinetics  of  oxidation  of  sulfur  dioxide  by  oxygen  in  stationary  conditions  in  the  presence  of  modified 
cenospheres  as  a  catalyst,  Na2S03  was  used  as  a  source  of  S02,  because  under  the  experiment  conditions  at  pH  =10-12  in 
an  aqueous  solution  S02  is  in  the  form  of  S032"and  the  reaction  (1)  was  actually  studied 

2Na2S03  +  02  ->  2Na2S04  ( 1 ) 

For  magnetic  measurements,  a  vibration  magnetometer  AMH-500  Hysteresisograph  (Italy)  was  used,  and  electron 
microscopic  studies  and  electron  probe  analysis  were  performed  using  the  Camebax-Microbeam  instrument  (France),  the 
phase  composition  was  monitored  by  X-ray  analysis  using  the  Dron-0.5  X-ray  diffractometer,  the  chemical  composition  of 
the  catalyst  surface  was  studied  using  the  ES-2401  X-ray  photoelectron  spectrometer,  and  the  chemical  composition  of  the 
surface  was  studied  using  the  Auger  spectrometer  pHl-590.  The  physical  and  chemical  features  of  magnetic  polymer 
composites  were  studied  using  the  modern  methods  of  analysis  according  to  the  common  techniques  (Hamasaki  et  al., 
2008;  Bhaskar  et  al.,  2018;  Sassykova  et  al.,  2017;  Lanzerstorfer,  2018;  Lu  et  al.,  2006). 

3.  RESULTS  AND  DISCUSSIONS 

The  main  results  of  the  study  of  microspherical  catalysts  of  oxidation  of  sodium  sulfite  by  oxygen  are  summarized 
in  the  Table  3. 


Table  3:  Oxidation  of  Sodium  Sulfite  by  Oxygen  in  the  Presence  of  a  Microspherical  Catalyst  at  T=40°C 


No 

of  the  Test 

Ash  weight,  g 

Concentration,  mole/l 

Na2S03  Conversion  degree,  % 

W02,  max,  ml/min 

Na2S03 

FeS04 

h2so4 

1 

0 

0.4 

- 

- 

100.0 

0.6 

2 

0.1 

0.4 

- 

- 

100.0 

5.4 

3 

0.5 

0.4 

- 

- 

100.0 

4.4 

4 

1.0 

0.4 

- 

- 

100.0 

4.0 

5 

2.0 

0.4 

- 

- 

- 

3.4 

6 

0.1 

0.2 

- 

- 

100.0 

4.8 

7 

0.1 

0.1 

- 

- 

100.0 

3.6 

8 

0.1 

0.2 

1T0"4 

- 

100.0 

4.0 

9 

0.1 

0.2 

0.5T0'S 

- 

100.0 

4.6 

10 

0.1 

0.2 

1T0"5 

- 

100.0 

6.8 

11 

0.1 

0.2 

10"2 

- 

79.0 

3.8 
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Table  3:  Contd., 

12 

0.1 

0.2 

- 

- 

100.0 

4.8 

13 

0.1 

0.2 

- 

1.75T0"2 

100.0 

5.2 

14 

0.1 

0.2 

- 

5.2-10"2 

100.0 

3.8 

15 

0.1 

0.2 

- 

8.75T0"2 

100.0 

3.0 

The  results  of  the  Table  3  showed  that  the  degree  of  conversion  and  the  ratio  of  the  process  depended  on  the 
concentrations  of  components  of  the  system  Na2S03  -  Al-O-Si-Fe  -  H2S04  -  H20.  Under  optimal  conditions,  the  Na2S03 
rate  conversion  reaches  100  %,  the  maximum  oxygen  absorption  rate  reaches  6.8  ml/min.  In  most  cases,  the  Na2S03 
oxidation  rate  dependence  on  the  initial  concentrations  of  the  components  has  extreme  nature  (Figures  2,  3). 


Figure  2:  Oxidation  of  Sodium  Sulfite  by  Oxygen  in  the  presence  of  Microspherical  Alumino 
Silicates  at  T  =  313K,  P02=  0.1  MPa;  Concentration:  Na2S03  =  0.2  mole/L,  H2SO4=102 
mole/L:  1  -  1.75;  2  -  3.50;  3  -  5.25;  4  -  7.0 


(a)  (b) 


Figure  3:  Oxidation  of  Sodium  Sulfite  by  Oxygen  in  the  Presence  of  Microspherical  Alumino 
Silicates  at  T  =  313K,  PD2=  0.1  MPa;  Concentration: 

Na2S03  =  1  -  0.1;  2  -  0.2;  3  -  0.4  mole/L 

Typical  conversion  curves  in  coordinates  W02=f(Q02),  where  W02  is  the  rate  of  oxygen  absorption  in  mol/l-min; 
Q02  is  the  amount  of  absorbed  oxygen  in  mole/1,  as  well  as  potentiometric  curves  in  coordinates  q>(Q02),  where  <p( V )  is  the 
redox  potential  of  the  platinum  electrode  in  relation  to  the  calomel  half-element  are  shown  in  Figures  2,3.  The  initial  redox 
potential  of  the  Na2S03-Al-0-Si-Fe-MX-H2S04-H20  system,  where  MX  is  a  modifying  component,  is  placed  in  the 
range  0.8-0.45  V,  with  dtp/C^soi  <  0,  passing  through  the  maximum,  dtp/dT>  0.  These  results  allow  to  suppose  that  the 
redox-determinative  pair  in  this  case  is  Fe3+/Fe2+.  Conversion  curves  in  coordinatesW02=f(Q02)  (Figures  2a,  3a)  and 
potentiometric  curves  in  coordinates  <p=f('Q02)  (Figure  2b)  show  that  with  the  Na2S03  introduction  into  the  redox  system, 
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the  potential  sharply  shifted  to  the  cathode  region  by  0.5-0.25V,  and  oxygen  absorption  starts  immediately.  The  potential 
jump  depends  on  the  components  correlation  in  the  system.  In  the  course  of  the  experiment,  the  potential  returns  to  the 
anode  region,  in  optimal  conditions  -  to  the  initial  value,  which  indicates  that  the  reaction  products  do  not  change  the 
structure  and  composition  of  the  catalyst,  and  it  works  stably  under  these  conditions.  In  these  conditions,  the  potential 
remains  at  a  certain  value,  without  returning  to  the  original  value,  and  for  these  conditions  (Figure  2a,  curve  4),  the 
violation  of  the  stoichiometry  of  the  reaction  (1)  is  observed.  The  conversion  curves  obtained  by  varying  in  the  range  from 
0.11  to  0.4  mol/1  are  presented  in  the  Figure  3a.  The  linear  dependence  between  the  amount  of  absorbed  oxygen  and  the 
initial  concentration  of  Na2S03  is  observed  in  the  studied  range  of  sodium  sulfate  concentrations. 

The  correlation  CNa2so3/Qo2=2  and  the  correspondence  of  the  stoichiometry  of  the  reaction  (1)  are  preserved 
throughout  the  studied  interval.  The  dependence  (Figure  3b)  of  the  oxygen  absorption  rate  (Q02  at  QG2  =  1/2  from£Q02)  is 
described  by  the  equation  (2): 

W02=(k]'Pi-  CNa2so3)/(l+  PrCNa2so3)  (2) 

where,  P  is  the  constant  of  Na2S03  adsorption  on  the  surface  of  aluminosilicate  microspheres.  The  data  of  the 
Table  3  also  indicate  on  the  Na2S03  sorption. 

The  developed  catalyst  has  been  tested  in  the  process  of  treatment  of  gases  from  S02  at  a  pilot  vortex  stirrer  of 
design  capacity  2  m3/h  on  model  gas  mixtures  S02-Ar  containing  up  to  1  %  vol.  of  S02.  Obtained  results  have 
demonstrated  that  with  gas  feed  speed  of  10,000-15,000  h'1  degree  of  removal  of  S02  reaches  87-95  %. 

With  the  help  of  modern  physico-chemical  methods,  composition  and  structure  of  ashes  of  TPP  have  been 
studied.  Optimum  sizes  of  active  parts  of  the  catalyst  are  40-50  nm.  Specific  surface  of  the  catalyst  calculated  according  to 
full  isotherms  of  low-temperature  adsorption  of  nitrogen  by  BET  method  makes  12.6  m2/g.  Integral  volume  of  pores  makes 
0.57  ml/g. 

Thus,  a  catalytic  method  of  sulfur  compounds  oxidation  by  oxygen  in  an  aqueous  solution  at  a  temperature  range 
of  0-80°C  has  been  developed.  Detailed  studies  of  the  process  kinetics  have  shown  that  as  a  result,  the  water-soluble 
sulfoacids  that  are  good  flotation  agents,  surface-active  substances  and  repellents  are  formed  in  solution.  Multiple 
circulation  of  the  aqueous  solution  makes  it  possible  to  obtain  60-70%  solution  of  sulfoacids  in  the  form  of  a  commercial 
product. 

4.  CONCLUSIONS 

•  A  method  of  obtaining  a  microspherical  sorbent  from  technogenic  aluminosilicate  raw  material  -  energy  ash  of 
Almaty  TPP-2  was  developed. 

•  A  technological  scheme  for  separating  concentrates  of  cenospheres  with  obtaining  narrow  fractions  of 
cenospheres  of  constant  composition  with  a  given  size,  morphology  and  magnetic  properties  has  been  elaborated. 
The  methods  of  directional  modification  of  cenospheres  with  the  purpose  of  obtaining  microspherical  sorbents  of 
various  modifications  in  a  magnetic  field  and  without  it  are  determined. 

•  Results  of  the  experiment  performed  demonstrated  that  microspheres  of  fly  ash  are  highly  effective  sorbents  of 
S02  and  low-temperature  catalysts  of  oxidation  of  Na2S03  with  oxygen  in  water  solutions.  At  gas  feed  speed  of 
10,000-15,000  h’1  degree  of  removal  of  S02  reaches  87-95  %. 
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•  The  optimum  sizes  of  active  parts  of  the  catalyst  were  equal  to  40-50  nm.  Specific  surface  of  the  catalyst 
calculated  according  to  full  isotherms  of  low-temperature  adsorption  of  nitrogen  by  BET  method  makes  12.6 
m2/g.  Integral  volume  of  pores  makes  0.57  ml/g. 
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